Dietary resistant starch (RS) might alter gastrointestinal tract function in a manner that improves human health, particularly among adults at risk for diabetes. Here, we report the design and baseline results (with emphasis on race differences) from the STARCH trial, the first comprehensive metabolic phenotyping of people with prediabetes enrolled in a randomized clinical trial testing the effect of RS on risk factors for diabetes. Overweight/ obese participants (BMI ≥ 27 kg/m 2 and weight ≤ 143 kg), age 35-75 y, with confirmed prediabetes were eligible. Participants were randomized to consume 45 g/day of RS (RS = amylose) or amylopectin (Control) for 12 weeks. The study was designed to evaluate the effect of RS on insulin sensitivity and secretion, ectopic fat, and inflammatory markers. Secondary outcomes included energy expenditure, substrate oxidation, appetite, food intake, colonic microbial composition, fecal and plasma levels of short-chain fatty acids, fecal RS excretion, and gut permeability. Out of 280 individuals screened, 68 were randomized, 65 started the intervention, and 63 were analyzed at baseline (mean age 55 y, BMI 35.6 kg/m 2 ); 2 were excluded from baseline analyses due to abnormal insulin and diabetes. Sex and race comparisons at baseline were reported. African-Americans had higher baseline acute insulin response to glucose (AIRg measured by frequently sampled intravenous glucose tolerance test) compared to Caucasians, despite having less visceral adipose tissue mass and intrahepatic lipid; all other glycemic variables were similar between races. Sleep energy expenditure was~90-100 kcal/day lower in African-Americans after adjusting for insulin sensitivity and secretion. This manuscript provides an overview of the strategy used to enroll people with prediabetes into the STARCH trial and describes methodologies used in the assessment of risk factors for diabetes. Clinicaltrials.gov identifier: STARCH (NCT01708694). The present study reference can be found here: https://clinicaltrials.gov/ct2/show/NCT01708694. Submission Category: "Study Design, Statistical Design, Study Protocols".
Introduction
Prediabetes is characterized by insulin resistance and impaired glucose tolerance and is a significant predictor for developing type 2 diabetes. Proposed mechanisms for the development of prediabetes include the ectopic accretion of lipid in tissues such as liver, skeletal muscle, and pancreas [1] . Lifestyle interventions to treat prediabetes and stop/delay its progression to frank diabetes are necessary to prevent a deleterious disease that is often difficult to manage once developed.
High-amylose Type 2 resistant starch (RS) is a dietary ingredient that has garnered interest for its ability to slow digestion and improve metabolic health markers in rodents and humans. In rodents, a fermentable carbohydrate such as RS has been shown to reduce abdominal fat [2] [3] [4] and cholesterol [5] , as well as increase gut bacteria [2] and improve insulin sensitivity [4, 6] . The mechanism for the observed reduction in abdominal fat may be due to an increase in energy expenditure and fat oxidation [7] . In humans, RS fermentation can enrich gut microbiota species such as Bifidobacterium, Ruminococcus bromii, and Eubacterium rectale [8] ; improve cardiometabolic endpoints such as insulin sensitivity, body fat storage, and cholesterol levels [9] [10] [11] [12] [13] [14] ; and may suppress appetite [15] [16] [17] .
To our knowledge, few studies have investigated the impact of dietary RS supplementation on metabolic risk factors in humans. Moreover, few studies have metabolically phenotyped adults with prediabetes given the challenges associated with recruiting this population [18] [19] . Detailing successful recruitment strategies and retention methods in studies of individuals with prediabetes is critical to improve future recruitment and retention of similar populations. The clinical trial entitled Role of Resistant Starch on Diabetes Risk Factors (STARCH) was designed to examine the effects of daily RS supplementation in adults with prediabetes on metabolic outcomes-including insulin sensitivity and secretion, ectopic fat, energy expenditure and substrate oxidation, inflammation, food intake, and gut microbiota. While the effect of daily RS supplementation on metabolic health in adults with prediabetes will be assessed in future analyses, the primary goals of the present manuscript were to: 1) to describe the recruitment and screening process of adults with prediabetes for the STARCH trial; 2) to outline the study methods and procedures; and 3) to provide a comprehensive metabolic phenotype of adults with prediabetes (pre-intervention) in cross-sectional baseline analyses of sex and race.
Study design & methods

Study design
The STARCH trial was designed as a randomized, double-blind, placebo-controlled, parallel-arm trial conducted at Pennington Biomedical Research Center (PBRC). Participants were recruited, screened, and randomized with a 1:1 allocation to 45 g/day of resistant starch (RS = amylose) or amylopectin (Control) for 12 weeks. Both the RS and placebo were consumed in yogurt packets that were provided to the participants. Multi-stage screening (3 clinic visits) was implemented to identify eligible participants with confirmed prediabetes. Week 0 (baseline, pre-intervention) and Week 12 (end of intervention) study visits involved 2.5 days of inpatient testing conducted within a oneweek period and included: (1) dual-energy X-ray absorptiometry (DXA) to measure body composition; (2) proton magnetic resonance spectroscopy ( 1 H-MRS) to measure lipid in the liver and skeletal muscle; (3) 12-h overnight respiratory chamber to assess energy metabolism including energy expenditure and macronutrient oxidation; (4) frequently sampled intravenous glucose tolerance test (FSIGTT) to assess insulin sensitivity and insulin secretion; (5) standardized meal test to assess glucose, insulin, and incretins; (6) Visual Analog Scales (VAS) to measure appetite; (7) food intake tests and remote food photography to measure food intake; (8) gut permeability testing (sugar absorption); (9) fecal collection to measure gut microbiota, short-chain fatty acids, and RS; (10) blood markers of endotoxemia, inflammation, and hormones; and (11) breath hydrogen and methane analyses to assess microbial fermentation. The study was approved by the PBRC Institutional Review Board, and participants provided written informed consent before participating. All procedures were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.
Study population and eligibility criteria
Males and females of all races and ethnicities between 35 and 75 years of age, with a body mass index (BMI) ≥ 27 kg/m 2 and weight ≤ 143 kg, were eligible to participate. Confirmed prediabetes as assessed by either impaired fasting glucose or elevated HbA1c was required. Prior to enrollment, participants underwent detailed screening assessments, completed diet and physical activity records for a 7-day period, and were encouraged to maintain the same level of exercise and body weight throughout the study. Eligibility criteria are detailed in Table 1 .
Sample size determination
The primary intent of the present analysis was to provide a comprehensive metabolic phenotype of adults with prediabetes (pre-intervention); therefore, we provide here only overall baseline descriptive characteristics of those participants who started the intervention, as well as sex and race comparisons. No power analysis was done for these baseline descriptive comparisons. In future analyses of primary outcomes from the STARCH trial, the following sample size determination criteria were applied: the primary outcome of the STARCH trial was the change in insulin sensitivity (SI). Assuming a maximum 15% loss due to attrition, a minimum of 94 participants were targeted for enrollment and randomization. Power calculations revealed that 40 completers per group provides 85% and 95% power (two-tailed, α = 0.05) to detect 15% and 18% improvements, respectively, in insulin sensitivity relative to the control group, assuming a within-group standard deviation of 22% [20] . Unfortunately, because of slow recruitment rates, the study was prematurely ended. Specifically, 59 participants (29 RS, 30 Control) of the total 65 participants who started the intervention actually completed the trial. These numbers provided 80% statistical power to detect a 16.3% improvement in insulin sensitivity, which is equivalent to an effect size of d = 0.74.
Recruitment and screening strategies
Participants were recruited by the PBRC recruitment core via media advertising (e.g. radio, online, and television ads), health promotion During initial online or telephone screening, participants' age, height, and weight (from which body mass index (BMI) is calculated) were collected, as well as basic medical information. Volunteers who were clearly ineligible were excluded. Next, a staged screening process consisting of a variety of biologic and behavioral assessments was conducted over a series of 3 clinic visits. During screening, a standardized psychological interview focusing on barriers to adherence and retention during the intervention was also administered. Lastly, each participant had the opportunity to sample the blueberry yogurt containing the starches to determine if s/he would be willing to eat the prescribed yogurt every day for 12 weeks. At the end of the screening process, a multidisciplinary team of behavioral experts, nutritionists, and other clinical staff determined if the volunteer was suitable for inclusion in the STARCH trial. The study protocol and the timing of the procedures are detailed in Fig. 1 .
Study procedures
Anthropometric characteristics
Metabolic weight was measured in the morning after an overnight fast (Scale Tronix 5200, Welch Allyn, Inc.; Skaneateles Falls, NY) while wearing a surgical gown, which was subtracted from total weight. Height, waist and hip circumference, resting pulse, blood pressure, and body temperature were also measured. All anthropometrics were measured at screening and bi-weekly thereafter (i.e., Weeks 0, 2, 4, 6, 8, 10, and 12).
Behavioral counseling
In-person behavioral counseling was provided bi-weekly by a health coach to foster protocol adherence and participant retention and to promote weight stability (≤1.5 kg deviation from baseline weight) during the trial. Participants were weighed at all PBRC visits and instructed to maintain, increase, or decrease food intake in order to maintain their baseline body weight. To monitor adherence to yogurt consumption, participants were required to return the lids/labels of the yogurts and empty packets that they consumed to each session and were queried about their adherence.
Body composition
Fat mass (FM), fat-free mass (FFM), percent body fat, visceral adipose tissue (VAT), and bone mineral density (BMD) were measured using dual X-ray absorptiometry whole-body scanner (Lunar iDXA; General Electric, Milwaukee, WI, USA). All scans were analyzed with the enCORE software version 13.60.033.
Ectopic fat accumulation
Lipid in the liver (i.e., intrahepatic lipid (IHL)) and skeletal muscle (i.e., soleus and anterior tibialis extramyocellular lipid (EMCL) and intramyocellular lipid (IMCL)) were measured using 1 H magnetic resonance spectroscopy ( 1 H-MRS) on a 3.0-Tesla whole body imaging and spectroscopy system (GE Medical Systems, Milwaukee, WI) using the Point Resolved Spectroscopy (PRESS) box technique [21] . Lipid peaks were normalized to an external oil phantom of known constant concentration [22] . Oil-adjusted IHL, EMCL, and IMCL data were analyzed using the jMRUi software package.
12-h overnight respiratory chamber
Participants entered the respiratory chamber at approximately 1900 h and exited at 0700 h the following morning. Upon entering, participants were immediately fed a standardized meal prepared by the metabolic kitchen that was 30% of their resting metabolic rate (RMR) [23] multiplied by an activity factor of 1.5. At 2100 h, participants were fed a snack (20% of their RMR × 1.5 at Week 0). Macronutrient contents for both the meal and snack were 15%, 35%, and 50% from protein, fat, and carbohydrate, respectively. Participants received the same meal and snack at Week 0 and Week 12. Energy expenditure and the oxidation of carbohydrate, fat, and protein was calculated as outlined in [24] . Respiratory quotient (RQ) was measured as CO 2 production divided by O 2 consumption throughout the test and used in conjunction with urinary nitrogen excretion to calculate macronutrient oxidation rates. Sleep energy expenditure (SleepEE) was assessed between 0200 and 0500 h for those minutes where activity was less than 1% as measured by radar and was extrapolated to 24 h.
Frequently sampled intravenous glucose tolerance test
To determine insulin sensitivity, a frequently sampled intravenous glucose tolerance test (FSIGTT) was performed [25] . Subjects were BMI, body mass index; DXA, dual-energy X-ray absorptiometry; FSIGTT, frequently sampled intravenous glucose tolerance test; 1 studied after an overnight fast. After 30 mins of rest, two IV lines were placed. Briefly, after a baseline blood sample, glucose (300 mg/kg body weight) was injected at Time 0 (min), followed by collection of blood samples at 2, 4, 8, and 19 mins. At Time = 20 min, a bolus of insulin (0.03 U/kg body weight) was given, and frequent sampling resumed at 22, 25, 30, 40, 50, 70, 100, 120, and 180 min. Each blood sample was analyzed for glucose and insulin. The Minimal Model was used to calculate the insulin sensitivity index (SI), disposition index (DI), glucose effectiveness (Sg), and acute insulin response to glucose (AIRg) using MinMod software [26] (MINMOD-PC, ©R. Bergman).
Standardized meal test
Following an overnight fast, an intravenous catheter was inserted into an antecubital vein to obtain venous blood samples. During a 5-min period, subjects consumed a 400-kcal test meal (smoothie) consisting of 20% protein, 40% fat, and 40% carbohydrate under supervision. Blood was collected at −15, − 5, 15, 30, 45, 60, 90, 120, 180 min to measure glucose and insulin. Additional blood was collected in tubes with protease inhibitor at −15, 30, 60, 90, 120, and 180 time points to measure Peptide YY (PYY), ghrelin (active and total), and glucagon-like peptide 1. Plasma samples were analyzed by radioimmunoassay for active and total ghrelin (Millipore, Wizard 2470 gamma counter). Glucose and insulin area under the curve (AUC), as well as the AUC ratio (insulin AUC/glucose AUC) were calculated.
Appetite rating and food intake testing
Self-reported appetite (hunger, fullness, satisfaction, desire to eat, and motivation to eat) were measured with Visual Analogue Scales (VAS) at screening, and bi-weekly thereafter. VAS provides reliable and valid measures of subjective states related to energy intake [27] . Participants rated their "average" appetite over the previous week, which has proven to be consistent with daily assessments of appetite but are less burdensome [28] . At Weeks 0 and 12, the Eating Inventory was used to measure dietary restraint (the intent to restrict food intake), disinhibition (the tendency to overeat), and perceived hunger [29] , which are associated with eating behavior and body mass [30] [31] . Higher scores indicate greater levels of the construct being measured. Participants also completed a Food Intake Test to quantify energy and macronutrient intake at Weeks 0 and 12.
Remote food photography
Quantification and monitoring of dietary intake using the Remote Food Photography Method© (RFPM) and SmartIntake® app was conducted at Weeks 0 and 12. The RFPM has been found to reliably and validly estimate the energy intake (kcal) of adults in free-living conditions, and the method also accurately estimates nutrient intake [32] [33] .
Gut permeability testing
Gut barrier function was assessed by a differential sugar absorption test, as described previously [34] [35] but with minor modifications. A fasting urine sample was collected upon arrival. Participants then drank 30 mL of distilled water containing 5 g sucralose (Sigma-Aldrich, St Louis, MO, USA) and immediately followed by 150 mL of distilled water containing 7.5 g lactulose (Sigma-Aldrich) and 2 g mannitol (SigmaAldrich). Participants were allowed to drink water only for the first 5 h and were allowed to eat and drink freely thereafter. Participants were instructed to collect all urine during the next 24 h in provided containers as three separate samples (0700 to 1200 h, and 1200 to 1900 h on their own, and 1900 to 0700 h while in the respiratory chamber) and to keep them refrigerated until the samples were returned to the center. Concentrations of sucralose, lactulose and mannitol in the urine were determined using HPLC. The ratio of urinary excretion rates of sucralose/mannitol over 24 h indicates whole-gut permeability, while that of lactulose/mannitol over 0 to 5 h indicates small intestinal permeability.
Fecal collection & bacterial diversity
Fecal samples were collected to measure the amount and types of bacteria in the gut. If a participant did not have at least 2 bowel movements during Week 0 and 12 visits, the participant was instructed to collect his/her next stool sample at home, freeze it, and bring back to the center in an insulated container that was provided. The stools were homogenized and prepared for 16S rRNA gene amplicon sequencing as previously described that included DNA extraction from stool samples [36] .
Other blood markers
Blood markers of endotoxemia and inflammation, as well as hunger hormones were analyzed. Specifically, plasma lipopolysaccharide (LPS), IL-6, tumor necrosis factor alpha (TNF-α), high-sensitivity CRP (hs-CRP), high molecular weight (HMW) adiponectin, and leptin were assayed. IL-6 and TNF-α were measured using immunoassay with fluorescent detection (Millipore, Luminex), while hs-CRP was measured using immunoassay with chemiluminescent detection (Siemens, Immulite 2000). HMW adiponectin and leptin were assayed using ELISA methodology (Millipore, Bio Rad Microplate reader) and radioimmunoassay (Millipore, Wizard 2470 gamma counter), respectively.
Breath hydrogen and methane
Bi-weekly breath tests were conducted for the purposes of assessing gut fermentation byproducts (hydrogen and methane). Participants fasted for at least 12-h prior to testing, and alveolar air samples were collected after participants exhaled through a mouthpiece connected to a dual-bag system by a three-way valve. Breath samples were analyzed for hydrogen and methane by gas chromatography (MicroLyzer Model SC, Quintron Instrument Co., Inc., Milwaukee, WI).
Statistical analysis
All analyses were performed using SAS version 9.4 software (SAS Institute, Inc.). Means with 95% confidence intervals were performed on all participants (n = 63) to test for describe differences between males and females at baseline (Tables 2 and 3) . P-values are additionally provided as an alternative way to evaluate the analyses. Race means are expressed only for a dichotomous sample (n = 59) of African-Americans and Caucasians since only four participants identified as Asian/Asian Indian or other/bi-racial (Tables 4 and 5 ). Sex and race means and confidence intervals in carbohydrate, fat, and protein oxidation are based on the least-squares means of the linear model with SleepEE as a covariate to adjust for differences in metabolic body size (Tables 2 and 4 ). Linear models were also used to show sex means and confidence intervals in SleepEE with FFM, FM, age, and race as covariates. Additional adjustment for metabolic characteristics of FSIGTT (e.g., AIRg, DI, SI, and Sg) or standardized meal test (e.g., glucose AUC, insulin AUC, and AUC ratio) was further applied (individually, one-byone) to separately run models. Race means and confidence intervals in SleepEE adjusting for FFM, FM, age, and sex were also assessed, using similar additional adjustments for metabolic characteristics derived from FSIGTT and standardized meal test. Sex and race means in FSIGTT and/or standardized meal test variables were also assessed following adjustment for age, race (or sex), and VAT/FM ratio. All covariates in models were chosen a prior and are the standard method for adjusting glucose and energy metabolism characteristics [37] . Accounting for VAT/FM ratio is important when examining differences between races [38] .
Results
Screening, enrollment, and retention
A total of 2863 individuals screened online or by telephone, of which a total of 1770 individuals were contacted by our recruiting core
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for further telephone screening. Of the 1770 individuals who completed telephone screening, 280 (16%) were eligible and remained interested in participating in the trial (Fig. 2) . 280 volunteers began in-clinic screening, of whom 212 (76%) were ineligible. Approximately 50% of those who were rejected did not fit the diagnostic criteria for prediabetes, with others excluded for taking exclusionary medications or other exclusion criteria (e.g., high blood pressure). 68 individuals were randomized, and 65 started the intervention (i.e. initiated baseline evaluation), as shown in the CONSORT diagram (Fig. 2) . Of the 65 participants who started the intervention, 2 participants were removed from the baseline analyses: one participant displayed abnormally high insulin levels (perhaps indicative of a congenital condition), and another was diabetic yet was mistakenly enrolled. 
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were on stable statins or cholesterol-lowering medications.
Anthropometrics, cardiometabolic risk factors, body composition, and ectopic fat
Baseline sex differences are presented in Table 2 . Enrolled females had higher BMI and high-density lipoprotein (HDL) cholesterol, and lower total cholesterol TC/HDL ratio compared to enrolled males. As expected, females had higher percent body fat, as well as lower VAT/ TAT mass and BMD. No differences in fasting glucose, fasting insulin, HbA1c, ectopic fat (liver and muscle), or breath hydrogen or methane at baseline were observed between males and females.
With regards to race (n = 59 because 4 participants reported other races), Caucasians were older and had higher fasting glucose, VAT mass, VAT/TAT mass, and IHL compared to African-Americans (Table 4) . Conversely, African-Americans had higher HbA1c and BMD compared to Caucasians. No differences in BMI, HOMA-IR, fasting lipids, percent body fat, intramyocellular or extramyocellular lipid, or breath hydrogen or methane were observed between the races.
FSIGTT and standardized meal test
Data from two (2) participants were deemed unusable at Week 0 due to poor model fit as a result of missing data or were non-physiologic; therefore, only FSIGTT and standardized meal test data on 61 subjects were analyzed. No differences in mean insulin sensitivity or insulin secretion at baseline were observed between males and females (Table 2) . Specifically, no differences in AIRg, DI, SI, Sg, or basal glucose via FSIGTT, or glucose AUC, insulin AUC, or AUC ratio via the standard meal test, were observed between males and females. However, African-Americans had higher AIRg than Caucasians (Table 4) .
Because of the known impact of age and body shape on carbohydrate metabolism, we confirmed the absence of differences between males and females for SI (p = 0.29) or AIRg (p = 0.74) after adjusting for age, race, and VAT/FM; however, females trended towards having a lower DI compared to males (799 vs. 1720, [− 1907.7 
Respiratory chamber
Data from one participant was deemed unusable due to environmental concerns (e.g., humidity, temperature) at Week 0 that resulted in a non-physiological (low) RQ value; therefore, only respiratory chamber data on 62 subjects were analyzed. SleepEE was significantly lower in females at baseline compared to males. Protein oxidation, adjusted for SleepEE, was also significantly lower in females at baseline compared to males (Table 2) . No race differences in respiratory chamber characteristics, including carbohydrate, fat, and protein oxidation adjusted for SleepEE, were observed (Table 4) . In further analyses, SleepEE was significantly lower in females (~270 kcal/day) compared to males after adjusting for FFM, FM, age, and race (1533 vs. 1804 kcal/day, [− 451.1, − 90.4]; p = 0.004). Similarly, after additional adjustments for carbohydrate metabolism characteristics determined by FSIGTT (i.e., AIRg, DI, SI, or Sg) or by the standardized meal (i.e. glucose AUC, insulin AUC, or AUC ratio), SleepEE was still significantly lower in females (~260 kcal/day) compared to males (all models: p < 0.05). Furthermore, African-Americans had significantly lower SleepEE (~100 kcal/day) compared to Caucasians after adjusting for FFM, FM, age, and sex (1619 vs. 1718 kcal/day, [− 185.1, − 13.1]; p = 0.02) and even after further adjustments for FSIGTT outcomes (i.e., AIRg, DI, SI, or Sg;~90 kcal/day; p < 0.05) or mixed meal outcomes (glucose AUC, insulin AUC, and AUC ratio;~100 kcal/day; p < 0.05).
Eating behavior & ratings
Baseline appetite and food intake measurements are displayed in Table 3 and Table 5 . Females reported significantly higher levels of disinhibition (i.e., reported a greater tendency to overeat) compared to males and trended towards having higher dietary restraint (i.e., reported intent to restrict food intake) compared to males. No differences [99] [100] [101] [102] [103] [104] [105] [106] [107] [108] in perceived hunger between females and males were present. Over the previous week, ratings of hunger, fullness, desire to eat, prospective food consumption, and satisfaction were also not different between females and males. Additionally, Caucasian females and males consumed similar percentages of fat, carbohydrate, and protein during the Food Intake Test, although males consumed significantly more calories for fat, carbohydrate, protein, and the total amount eaten compared to females (Table 3) . There were no differences between African-Americans and Caucasians for any of the eating behavior and appetite ratings, as well as food intake measures. Specifically, no differences in Eating Inventory behaviors (dietary restraint, disinhibition, or perceived hunger) or ratings of hunger, fullness, desire to eat, prospective food consumption, or satisfaction via VAS over the previous week were observed between African-Americans and Caucasians. Similarly, no differences between food intake measures were observed (Table 5) . 
Discussion
To our knowledge, this is the first trial to conduct comprehensive metabolic phenotyping of adults with prediabetes, as well as to identify potential sex and racial differences in metabolism in those at-risk for diabetes. As expected, females had a higher mean BMI, percent body fat, fat mass, HDL cholesterol, yet had lower TC/HDL ratio, lean mass, visceral adiposity, BMD, sleep energy expenditure, and protein oxidation compared to males with prediabetes. Similar to previously published literature [38] [39] [40] , African-Americans had higher acute insulin response to glucose compared to Caucasians, despite having less visceral adiposity and intrahepatic lipid. Indeed, visceral adiposity is an important determinant of insulin sensitivity particularly when examining racial differences [38] . Even after adjusting for visceral adiposity, however, females (notably African-American females) tended to have higher insulin AUC and AUC ratio compared to other groups. An extensive meta-analysis by Kodama et al. [39] revealed that individuals of African descent often have higher acute insulin response yet lower levels of insulin sensitivity compared to Caucasians who have lower acute insulin response for variable degrees of insulin sensitivity. In contrast to this observation, African-American and Caucasian participants in our trial did not exhibit differences in their relationship between acute insulin response and insulin sensitivity by FSIGTT. Interestingly, we did observe differences in sleep energy expenditure. Sleep energy expenditure was~90-100 kcal/day greater in Caucasians compared to African-Americans, after accounting for differences in age, sex, fat mass, lean mass and respective degree of insulin sensitivity via FSIGTT and mixed meal test results.
An important goal of the present manuscript is also to detail our extensive recruitment and screening strategies used to successfully enroll individuals with prediabetes. Recruiting adults with prediabetes is challenging. For this reason, reporting our extensive recruitment and enrollment strategies, as well as our methods for obtaining excellent retention following study initiation will prove valuable to others planning to design and implement trials in populations with prediabetes. Despite successful recruitment and retention, several challenges arose throughout the STARCH trial. First, the majority (~50%) of individuals who completed the required screening visits but who were rejected were ineligible because they were not diagnosed with prediabetes. Indeed, the majority of adults with prediabetes do not know they have prediabetes [18] . Our past experience with enrolling people with prediabetes in PBRC studies yielded 1 participant with prediabetes out of every 5 screened individuals; therefore, we anticipated that at least 50 (20%) of an estimated target of 250 screened subjects would be eligible. While recruiting at local health fairs or healthcare education events that offered free blood glucose screening was a useful recruitment tool to stimulate enrollment, the most successful recruitment tools were sustained media coverage, including radio, online, and television ads, as well as repeatedly launched listserv . We also relaxed our required 3 "consecutive" days at baseline and Week 12 testing to be only 2 consecutive days plus an additional day to be completed within a single week time frame to accommodate working professionals. As a result of our extensive and flexible recruitment strategies, 68 subjects (24%) were eligible out of 280 subjects screened.
Trial adherence and retention were equally as important to ensure trial success. Our strategies to maximize protocol adherence and retention with bi-weekly, in-person behavioral counseling sessions and weighing to ensure weight remained steady throughout the trial were also effective. All 63 participants (100%) who completed baseline testing (Week 0) were retained throughout the entirety of the trial, quite an achievement for such a demanding protocol.
Despite the inevitable recruitment challenges that arise with enrolling people with prediabetes into such a demanding clinical trial, our comprehensive team of researchers and highly trained support staff developed recruitment, adherence and retention methods that resulted in the successful enrollment of participants with prediabetes into the present STARCH trial. The design and conduct of future clinical trials in individuals with prediabetes would benefit from our findings. Future reporting of the STARCH trial will detail the impact of our 12-week dietary intervention (resistance starch supplementation) on metabolic risk factors for the development of type 2 diabetes.
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